ATP binding at human P2X1 receptors. Contribution of aromatic and basic amino acids revealed using mutagenesis and partial agonists.
P2X receptors comprise a family of ATP-gated ion channels with the basic amino acids Lys-68, Arg-292, and Lys-309 (P2X(1) receptor numbering) contributing to agonist potency. In many ATP-binding proteins aromatic amino acids coordinate the binding of the adenine group. There are 20 conserved aromatic amino acids in the extracellular ligand binding loop of at least 6 of the 7 P2X receptors. We used alanine replacement mutagenesis to determine the effects of individual conserved aromatic residues on the properties of human P2X(1) receptors expressed in Xenopus oocytes. ATP evoked concentration-dependent (EC(50) approximately 1 microm) desensitizing currents at wild-type receptors and for the majority of mutants there was no change (10 residues) or a <6-fold decrease in ATP potency (6 mutants). Mutants F195A and W259A failed to form detectable channels at the cell surface. F185A and F291A produced 10- and 160-fold decreases in ATP potency. The partial agonists 2',3'-O-(4-benzoyl)-ATP (BzATP) and P(1),P(5)-di(adenosine 5')-pentaphosphate (Ap(5)A) were tested on a range of mutants that decreased ATP potency to determine whether this resulted predominantly from changes in agonist binding or gating of the channel. At K68A and K309A receptors BzATP and Ap(5)A had essentially no agonist activity but antagonized, or for R292A potentiated, ATP responses. At F185A receptors BzATP was an antagonist but Ap(5)A no longer showed affinity for the receptor. These results suggest that residues Lys-68, Phe-185, Phe-291, Arg-292, and Lys-309 contribute to ligand binding at P2X(1) receptors, with Phe-185 and Phe-291 coordinating the binding of the adenine ring of ATP.